The ALP activities and properties of rat intestine cut into 20 segments were examined, and we were able to demonstrate that the ALP activity of upper intestine is high compared to that of lower intestine. This result coincided with those of other reports. However, we newly clarified that there is an ALP isoenzyme found in the lower intestine which can be inhibited by L-homoarginine. The molecular weight of the ALP isoenzyme was 136 kDa. In addition, it was clarified that there are several isoenzymes from upper to lower intestine. This study demonstrates that there exist isoenzymes, which are inhibited by LHArg, in the intestine which are similar to the isoenzymes in the liver, bone and kidney. Key words: alkaline phosphatase (ALP), intestine, isoenzyme, L-homoarginine (L-HArg), rat by a high fat diet, ALP has been thought to be related to the absorption of fatty acid, carbohydrate, amino acid and protein from the intestine.
Introduction
Alkaline phosphatase [ALP, orthophosphonic monoester phosphohydrolase (alkaline optimum) EC 3.1.3.1] is a membrane bound enzyme which is located in the basal membrane of various tissues. This enzyme is found in the liver, bone, kidney, placenta and intestine [ 6, 8, 13] . It is also found in serum [3] and several types of isoenzymes have been reported [7] . We previously reported that one of the serum isoenzymes disappeared under fasting conditions [17] . In addition, this particular isoenzyme was identified as one of the isoenzymes observed in the intestine intrinsically [18] . The physiological role of ALP in the intestine is not thoroughly understood. Since Seetharam et al. [16] reported that ALP activity in the intestine was elevated
Materials and Methods
Materials: Disodium p-nitrophenyl phosphate (PNPP), and L-HArg were obtained from Nacalai Tesque, Inc. (Kyoto, Japan), 5-bromo-4-chloro-3-indolyl phosphate, and p-toluidine salt were obtained from Sigma Chemical Co., Ltd. (St. Louis, MO.USA); and a molecular weight (M.W.) estimation standard kit was obtained from Bio-Rad Laboratories (SDS-PAGE Protein Standards; Hercules, CA, USA). All other chemicals were of analytical grade from Nacalai Tesque, Inc.
Animals: Male rats of the Slc:Wistar strain (age 10 weeks) were obtained from Japan SLC Inc. (Hamamatsu). They were used after one week acclimatization to the laboratory environment. The animals were housed in an air-conditioned room with controlled illumination (12 hr light/12 hr dark), temperature (23 ± 1°C) and humidity (55 ± 10%), and were given a commercial food (MF; Oriental Yeast Co., Ltd. Japan) and water ad libitum.
Animal husbandry procedures during the study were in accordance with the Guidelines for Animal Experimentation (Japanese Association for Laboratory Animals, Animal Science, 1987).
Preparation of specimens of the intestine:
The intestine was taken from the pylorus to the junction of the cecum and rectum. The removed intestine was cut into 20 segments. These segments were numbered from No. 1 to No. 20. As the ALP activity decreases from the upper intestine to the lower intestine, the lengths of the segments in the upper intestine were cut shorter than those of the segments in the lower intestine. Each segment was immediately homogenized in 3 ml of 50 mM Tris-HCl buffer (pH 7.5). The preparation after the dissection of the intestine was performed at a temperature below 4°C.
Extraction of ALP:
The extraction of ALP was carried out by the method of Saini and Done [15] . The homogenates were treated with 30% (V/V) n-butanol, and the resulting suspension centrifuged at 3,000 × g for 20 min at 4°C [1, 6] . The aqueous layer was dialyzed three times against 50 mM Tris-HCl buffer solution (pH 7.5). After dialysis, the solution was centrifuged at 3,000 × g for 20 min at 4°C, and the resulting supernatant used for the assay of ALP activity. Forty % glycerol was added to the supernatant and the solution stored at -20°C until use.
ALP activity assay: ALP activity was assayed at 37°C with PNPP as the substrate according to the method of Bessey-Lowry [1] . Enzyme activity was expressed in terms of international units (U). One unit (U) being defined as the enzyme activity that catalyzes the hydrolysis of one µmol of PNPP per min under standard conditions. The protein concentration was determined by the method of Lowry et al. [10] .
PAGE, ALP activity staining, protein staining, determination of molecular weight (M.W.): PAGE was conducted using the solution extracted from each intestinal segment [17] . After PAGE of the supernatant solution, activity staining for ALP and protein staining were conducted. The determination of the molecular weights (M.W.) of the isoenzymes was carried out according to a method previously described [17] .
Inhibition of ALP activity:
To assay the activity of LHArg insensitive ALP isoenzyme bands on polyacrylamide gel, L-HArg (50 mM) was added to the activity staining solution. Other methods were the same as for ALP activity staining.
Statistical analysis:
For the statistical analysis of differences between the ALP activities in the presence or absence of L-HArg, Duncan's multiple-range test was performed among means. Data are expressed as mean ± SEM. A probability less than 0.05 (P<0.05) was considered to indicate a significant difference.
Results

1) ALP activity of each segment
The ALP activities of the segments numbered from No. 1 to No. 20 are shown in Table 1 . The specific activities of the lower intestine was obviously decreased compared to those of the upper parts. Concerning the ALP activity of the rat intestine, the specific activity of the upper parts of intestine was considerably higher than the lower parts.
2) Electrophoretograms of intestinal ALP
The electrophoretograms of segments from No. 1 to No. 20 are shown in Fig. 1 These results show that when discussing ALP isoenzymes of the intestine it is necessary to be more specific, because the distribution of isoenzymes varies from segment to segment within the intestine.
3) The effect of L-HArg on ALP activity in segments No. 1, 8, 20
L-HArg (50 mM) was added to the solution of segments No. 1, 8, 20 and the residual ALP activity was determined. The result is shown in Fig. 3 
Discussion
It has been reported that the specific activity of ALP in the upper parts of the rat intestine is high [1, 4] , and our results agreed with those reports. Nutrients are mainly absorbed in the upper intestine and the absorption correlates with the activity of ALP [2, 12] . Since the upper intestine has high ALP activity [4] , the isoenzymes of the upper intestine may play a role in the absorption of fatty acids, carbohydrates, and proteins etc.
It has been reported that L-HArg is an inhibitor of ALP isoenzymes from the liver, bone and kidney, and L-Phe is a specific inhibitor of ALP isoenzymes from the intestine [5, 15] . In the experiment of inhibitory effects of L-HArg on each isoenzyme, ALP of segment No. 1 was not inhibited, ALP of segment No. 8 was inhibited slightly (~10%) and ALP of segment No. 20 was inhibited by 50%. In the experiment of PAGE in segment No. 20, one band (M.W. 136 kDa) was completely inhibited by L-HArg. Until now, it has not been reported that L-HArg inhibites an intestinal ALP isoenzyme. If intestine is taken as a single specimen, it is not possible to identify this inhibition.
As indicated in Fig. 1 , there were several bands of ALP isoenzymes in the intestinal segments from No. 1 to No. 20. From these results, there were deemed to be some differences in the structure and properties of each ALP isoenzyme which are located in the duodenum, Table 1. jejunum and ileum. ALP is a glycoprotein and the content of carbohydrate is different in each ALP isoenzyme [9] . Concerning human intestinal ALP, it was reported that intestinal ALP contains more fucose than hepatic ALP [11] . The difference between liver/bone/kidney type ALP, which is inhibited by L-HArg, and the intestinal
